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| ntroducti on

The data exam ned is conprised of GDEM (CGenerali zed
Di gital Environmental Model) data supplied by the Naval
Cceanographic O fice(NAVO and NAVO crui se data from May
2001. The purpose of the cruise was to collect data that
could be used for mne and anti subnmarine warfare in coasta
waters. This paper will conpare the actual SVP(Sound
Velocity Profile) data to GDEM data, note the differences

and of fer hypothesis as to why they differ.

Backgr ound

Shal | ow wat er surveys and nodel s are becom ng
i ncreasingly inportant as naval operations penetrate further
into littoral waters. This particular study by NAVOis to
| ook for trends in shallow water regions over tinme and space
on a small scale. This paper points out the limtations of
GDEM conpared to actual SVP data, and the inportance of
better nodel resolution and predictions in hot spots of the
world. GDEMis a good starting point for general acoustic
det ecti on nodel s regardi ng mne hunting and anti submari ne
war fare. However, during hostile operations the need for

real -time SVP' s becones critical for operational planning.
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Figure 1. NAVO cruise with tinme series Stations 1 & 2

denoted by stars and spatial tine series by green arrow



Crui se Data

There are two sets of shallow water data taken as 26-
hour tine series, along with an extensive spatial survey.
The tinme series consisted of lowering the CID at the sane
| ocation every hour for 26 hours. The first station was
| ocated at 37.5N 123Wwhile the second was at 37.8N
123. 2WFigure 1). The spatial survey went southeast,
begi nning at 38N 122. 8Wand ended at 37.1N to 122. 3W

covering five and a hal f days.

GDEM Dat a

GDEM i s a physi cal oceanographi c synthetic environnent.
MOODS (Mast er Cceanographi c Cbservation Data Set) is the
primary input to GDEM d obal tenperature and salinity data
profiles fromall available sources are also used to create
GDEM  MOODS is eval uated using NI DAS (Naval Interactive
Data Analysis System) to elimnate erroneous profiles before
bei ng used in GEM The gl obal coverage of GDEMi s
categorized by grid resolution(Figure 2). Volatile areas of
the gl obe require better resolution, hence ten and twenty

arcmnute grid spacing.
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Figure 2: d obal coverage of GDEM resol ution

Anal ysi s

The SVP profiles of Stations 1 & 2 show the diurna
shal  owi ng and deepeni ng of the m xed | ayer due to surface
heating and cooling(Figure 3). Surface warm ng weakens
m xi ng and shallows the m xed | ayer as in daytinme or sunmer
conditions. Surface cooling occurs at night or winter,
deepening the m xed layer. The highest sound vel ocity does
not correspond to the shall owest m xed | ayer since mxing is
not instantaneous. Station 2 has a greater SVP variation
bel ow 100 neters and hi gher sound speeds at the surface.

Stations 1 & 2 exhibit simlar characteristics as expect ed.
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Figure 3: SVP time series for Stations 1 & 2. The four nost significant profiles
are shown. The shall onest and deepest m xed | ayers are red and green, respectively. The

I owest and hi ghest surface sound velocities are black and yel | ow respectively.
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data in red. Station 1 (top) corresponds |less than Station

2 (botton) with respect to GDEM



Station 1 had the greatest difference between GDEM and
observed sound velocity profiles(Figure 4). GEMis
significantly different at all depths for Station 1, while
it is generally correct for Station 2 below 20 neters. CDEM
resolution is 0.5 degree for nost of the gl obe, at which
point data in that area is averaged to create SVP curves.
GEMis a climtology in that it represents a 70-year data
mean. Single observations seldommatch a nean value, as is
the case here. Station 1 is on a GDEM data point where
station 2 is slightly off. The base of the entrai nnent zone

is deeper at station 2, greater than 20 neters.

Blars Frisie

Figure 5: High-resolution bathynetry chart with the

spatial survey track in green.



The spatial survey was taken inshore of Stations 1 and
2, across the nmouth of San Francisco Bay(Figure 5). The
spatial survey has higher surface sound velocity variation
and slightly higher 120-neter velocities(Figure 6). Qutflow
from San Franci sco Bay may explain sone of the differences

conpared to Stations 1 & 2.
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Figure 6: Spatial survey SVP s.
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Concl usi ons

The general characteristics of the NAVO crui se data are
best exam ned using a nean SVP plot(Figure 7). The
entrai nment zone of station 2 had a greater variation of
sound velocity due to the higher surface tenperatures. Al
SVP's have the sanme characteristic profile of m xed | ayer,
entrai nment zone, then thernocline. There was sonme surface
sound speed variation, but all velocities were 1485 + 1 nis

at 120 neters.
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Figure 7: Mean SVP's of Station 1(blue), Station

2(green), and spatial survey(nagenta).
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The variations of the NAVO crui se data are best

exam ned utilizing the standard deviation plot(Figure 8).
Stations 1 & 2 are simlar, and have little variation at the
surface and bottom The greatest variation is at 25 neters
where the m xed | ayer varies the nost fromdiurnal effects.
The spatial survey has the greatest variation at the surface
and 18 neters, since it covered five and a half days and
crossed the nmouth of San Franci sco Bay. The upper 45 neters

contai ned the greatest standard deviation for all profiles.
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Figure 8: Standard deviation of Station 1(blue),

Station 2(green), and spatial survey(nagenta).



The initial intent of this project was to exam ne how
the variations of SVP data would affect the output of the
CASS/ GRAB( Conpr ehensi ve Acoustic Sinul ati on System Gaussi an

Ray Bundl e) Navy acoustic nodel. Then to examne if this
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variation was significant conpared to GDEM data inputs. The

Naval Postgraduate School has the MATLAB CASS/ GRAB ver si on,
which is not user-friendly. After consulting with Chenw
Fan, an expert MATLAB progranmmer, his conclusion was that

i nti mate source code know edge was required to conduct the
nodi fi cati ons needed.

The QU (G aphical User Interface) CASS/ GRAB version is
operational at NAVO however due to licensing issues it was
unavai l able. M/ recommendati on would be to obtain the GUJ
CASS/ GRAB version to evaluate the significance of actual

ver sus GDEM SVP dat a.
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